Abstract
METHODS
This single centre study was carried out at the Manmohan Cardiothoracic Vascular and Transplant Center, where total of 99 patients with hypertension who had left ventricular hypertrophy on echocardiography defined by left ventricular septal wall thickness > 9mm for female and >10 mm for male, were selected from May 2015 to August 2015.
RESULTS
In the study, the left atrium was enlarged in 31% of the selected patients. A total of 44% of patients having left atrial enlargement had increased left ventricular mass index as well, while a positive correlation (r = 0.3) was observed between the left atrial size and the left ventricular mass index (p= 0.001). The mean Left Ventricular Mass Index was 98 ± 32.7 g/m 2 as compared to 115.34 ± 40.2 in patients with left atrial enlargement. The mean systolic blood pressure with left atrial enlargement was 146.70 ± 21.64 g/m
Introduction
Multiple studies have established till date that changes in left ventricular structure and function, evaluated by indicators such as left ventricular mass (LVM), left ventricular mass index (LVMI) and an impairment of diastolic or systolic function is a common implication of long standing hypertension [1, 2] .Another important indicator, however, is the left atrial size, an anatomic alteration of which has been associated independently with the occurrence of heart failure [3] , hypertensive heart disease and other cardiovascular event [4, 5] . The enlargement of the left atrium is commonly seen in association with left ventricular hypertrophy and an overall increase in left ventricular mass [6] but the independent risks related to cardiac function (apart from known associations with a chronically elevated LV filling pressure and diastolic dysfunction even in the absence of mitral valve disease) that are contributed in part by the increased left atrial size, yet remains unexplored.
The aim of the present study is to evaluate the left atrial size, portrayed fairly by m-mode LA dimensions (precisely, the AP diameter [6, 8] in relation to the left ventricular mass and left ventricular mass index of patients with long standing hypertension. This will help establish left atrial size as an independent cardiac event associated with hypertension, in addition to known complications like left ventricular hypertrophy and diastolic dysfunction.
Methods
This cross sectional study was conducted at the Manmohan Cardiothoracic Vascular and Transplant Center between May-August 2015. Ninty-nine hypertensive patients (meeting the JNC VII criteria for hypertension) and more than 18 years of age visiting the Out Patients Department were selected for the study. Information on presenting complaints (chest pain, dyspnea) and risk factors (DM, Hypertension or dyslipidemia) were obtained from a medical history. All of these patients underwent a complete physical and echocardiographic examination at the time of evaluation and the parameters obtained were, 1) Blood Pressure (systolic and diastolic, brachial, sitting position after 5 minutes of rest), 2) Height (m) and Weight (kg) for calculation of Body Mass Index. Patients with known pericardial effusion, left bundle branch block, left anterior hemiblock, pre-excitation, acute myocardial events were excluded from the study.
Echocardiographic Variables
Images were obtained in left parasternal long axis and short axis views with patients in the left lateral position using VIVID7 ® echocardiography machine. Only tests with proper interface visualization that showed simultaneous images of septum, LV internal diameter and posterior wall were considered adequate for determination of the LV mass. LA diameter was assessed using a leading edge to leading edge measurement of the maximal diameter starting from the posterior aortic root to the posterior LA wall at end systole [9] . LV measurements were taken according to the recommendation of the American Society of Echocardiography (ASE), with the M-mode guided by 2-D mode. LV systolic and diastolic diameters, interventricular septal and LV posterior wall thickness were measured at end diastole. All the values were recorded in millimeters (mm). LV mass was calculated using corrected ASE formula: LVM = 0.8 {1.04 [(IVS + LVDd + PWT) 3 
Statistical Analysis
The data was entered and analyzed using IBM SPSS ® 20. The variables studied were age, gender, diabetes, hypertension, clinical findings (height, weight, BMI), LV mass, LV mass index, and Left Atrial Size (based on LA diameter). Mean ± S.D. were calculated for age, BMI, LV Mass and LV mass index. Gender and risk factors were expressed as frequency distribution tables. Bivariate Correlations were used to observe the association between left atrial size and left ventricular mass index.
Results
Out of the 99 patients studied, mean age of the study population (n=99) was 56.65 ± 13.24 and majority of the patients were in age group 50 -70. Male to female ratio was 2:1. Mean body mass index of the patients was 25.51 ± 3.5; the mean systolic blood pressure was 150.23 ± 21.84.Only 13% of patients had normal body weight according to BMI.
An enlarged LA was present in 31% (35% of Females and 29% of Males) of the study group. An increased left ventricular mass index was present in 44% of the patients that also had a LA enlargement. There was a moderate positive correlation between LA enlargement and left ventricular mass index (r=0.3, p<0.001). The Mean LV mass index was 98 ± 32.7 in the selected patients as compared to 115.34 ± 40.2 in patients with left atrial enlargement. Mean systolic blood pressure with LA enlargement was 146.70 ± 21.64. 80% of patients with LA enlargement had more than normal body weight by BMI, 8% had a history of smoking, 32% had diabetes mellitus, 22% had complications of HTN and 12% had dyslipidemia.
Figure1.Left atrial size and left ventricular mass index

Table2.Genderwise distribution of LV mass,LV massindex and left atrial diameter Discussion
Multiple studies have shown that the left atrial enlargement is an independent long term predictor of cardiovascular events [10] . Although various factors like age, race, body mass index, duration of hypertension,valvular heart disease influence the left atrial size [11] . The enlargement and altered function of the left atrium (LA)are associated with an increased prevalence of atrial fibrillation and stroke in men and death in both genders [12, 13] .
It has recently been demonstrated that LA dimension >=4.17 cm is significantly associated with increased risk of death and hospitalization." Moreover, electrocardiographic (ECG) and echocardiographic investigations have shown LA enlargement in patients with hypertension [14] .
In STS(strong heart study) concluded that LA diameter independently predicted incident cardiovascular event in middle aged and elderly adults [4] .
Our study showed that enlarged LA was present in 31% ofthe study group which is similar to the study done by M. A. Tedesco et al in a study "Left atrial Size in 164 Hypertensive Patients: An Echocardiographic and Ambulatory Blood Pressure Study" which showed that the left atrial enlargement was present in 35% of elderly and in 24% of younger patients (p = 0.3 1) [14] .
Cuspidi et. al [15] in their study "Prevalence of Echocardiographic Left-Atrial Enlargement in Hypertension: A Systematic Review of Recent Clinical Studies" also found that 32% of patients had LA enlargement.
In our study the increased left ventricular mass index was present in 44% of the patients that also had a left atrial enlargement. There was a moderate positive correlation between left atrial enlargement and left ventricular mass index (r=0.3, p<0.001).
M. A. Tedesco et. al in their study concluded that LA enlargement has significant association with age and left ventricular mass index [14] . Similar findings with significant positive correlation between LA enlargement and left ventricular mass has been shown in LIFE study [16] .
In our study 35% of female and 29% of male had LA enlargement similar to the study done Gertds E. Oikari et al [16] in Losartan Intervention For Endpoint Reduction in Hypertension (LIFE) Study. Correlates of left atrial size in hypertensive patients with left ventricularhypertrophy study suggesting that LA enlargement is common in female possibly due to altered left ventricular geometry.
Our study showed that increased other parameters of metabolic syndrome and coronary risk factor besides hypertension.
In our study, 80% of patients with LA enlargement had more than normal body weight by BMI, 8% had a history of smoking, 32% had diabetes mellitus, 22% had complications of HTN and 12% had dyslipidemia. These findings are supported by the PAMELA study which showed that a LA diameter exhibited a significant direct relationship with several variables (age, LVM, body mass index and serum total cholesterol, triglycerides, and glucose) while showing a significant inverse relationship with few others (serum high-density lipoprotein cholesterol ). [10] 
Conclusions
The Left Atrial Size correlates significantly with the Left Ventricular Mass Index in the context of hypertensive patients. In addition, the presence of left atrial enlargement should raise the suspicion of other metabolic derangements in hypertensive patients. Prospective studies with larger sample sizes need to be conducted in the future to establish the cardiac implications associated with left atrial enlargement.
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